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Detailed report 

(Name of invention) 
thin, transformable film 



This invention offers a thin, transformable film which has been improved. It is 
made from transparent material which has a structural surface on one side. This 
structural surface attains complete internal reflection, i.e. rays incident at an angle less 
than a certain angle will be entirely reflected inside. 



This invention offers a new thin transformable film made of an appropriate 
transparent material with a structural surface on one side and a smooth surface on other 
side. The structural surface consists of tiny right angle isosceles prisms arranged in a 
straight line in order to form multiple projections and grooves. If the film is flat, the right 
angle side of each prism is approximately 45 degree to the smooth surface that is opposite 
from the structural surface. 



Abstract 



(Object) 



(Solution) 



Sphere of patent request 



(Claim 1) 

Claim 1 is concerning a film which has the following characteristic: It is a thin, 
transformable film made of transparent polymer material with a structural surface on one 
side and a smooth surface on other side. The structural surface consists of tiny right 
angle isosceles prisms arranged in a straight line in order to form multiple projections and 
grooves. The two right angle sides of the prism are approximately 45 degrees to the 
smooth surface that is opposite the structural surface. 

(Claim 2) 

Claim 2 is concerning the film in claim 1 where there are at least 40 isosceles 
prisms per 2.5 cm. 

(Claim 3) 

Claim 3 is concerning the film in claim 1 where the film does not have strength 
sufficient for self-supporting. 

(Claim 4) 

Claim 4 is concerning the film in claim 1 where the transparent polymer material 
is polycarbonate. 

(Claim 5) 

Claim 5 is concerning the film in claim 1 where the transparent polymer material 
is acryl. 

(Claim 6) 

Claim 6 is concerning the film in claim 1 where the light incident on the smooth 
surface in a certain angular range is totally reflected inside. 

(Claim 7) 

Claim 7 is concerning the film in claim 1 where the light incident on the structural 
surface in a certain angular range is totally reflected inside. 

(Claim 8) 

Claim 8 is concerning the film in claim 1 which has the following characteristics. 
When the film is bent so that the smooth surface will be a smooth continuous arc without 
obvious discontinuities, it has approximately 70 prisms per 2.5 cm and approximately 
0.38 mm thickness. 

Detailed explanation of the invention 
[0001] 

This invention is concerning a thin, transformable film made of transparent 
material It has a structural surface on one side and a smooth surface on the other side. 
One surface can entirely reflect rays inside by a combination of the above surfaces. 



[0002] 
(Prior art) 

For instance, as shown in U.S patent No. 2,248,638, the use of a thin, 
transformable film with a structured surface to deflect light to one side is conventional 
knowledge to people in this technical field. In addition, a mirror has been used to reflect 
rays. How to make mirrors is also conventional knowledge to people in this line of 
business as stated in U.S. patent No. 2,723,919. However, the use of mirrors is limited. 
Mirrors currently on the market, even if new, have reflectivity in the range of 
approximately 75 to 95 %, and this is the limit. The reflective coating fades as time 
passes, and reflectivity drops. 

[0003] As indicated in U.S. patent No. 2,175,067, No. 4,260,220 for example, the 
principle of total internal reflection has long been acknowledge by optical technicians as 
a replacement for a mirror in projection lighting equipment. It is uses for various optical 
devices such a roof prism used for certain kinds of periscopes or a roof prism used for 
certain models of single lens reflex cameras or a prism for certain kinds of binoculars. 
However, such a device is huge and bulky. 

[0004] 

(Problem that this invention tries to solve) 

This invention offers an improved, thin, transformable film which is made of 
transparent material that has a structural surface on one side. On this structural surface, 
total internal reflection is attained when light is incident in a certain angular range. This 
improved film does not require any coating. Therefore, its efficiency can be maintained 
for a long period of time. Finally, since the film can be transformed, it can be formed 
into various shapes and also can be used in many ways. 

[0005] 

(Steps for solution) 

This invention offers a thin, transformable film made of a transparent polymer 
material with a structural surface on one side and a smooth surface on the other side. The 
structural surface consists of tiny right angle isosceles prisms arranged in a straight line in 
order to form multiple projections and grooves. The two right angle sides of the prism 
form approximately a 45 degree angle with the smooth surface that is opposite from the 
structural surface. 

[0006] 
(Function) 

Since reflectivity is maintained when the smooth surface becomes an arc shape, 
this film can be used in many ways. For instance, since the film is transformable, it can 
be used for concentrating solar energy. 

[0007] The biggest advantage is that this transformable film can, by placing the right 
angle isosceles prisms in a straight line in parallel, perpendicular, or at a certain angle to 
the tube axis, it can be formed into a light guide or optical tunnel with various sectional 
shapes. However, when the rays are oriented properly to the conductive tube, they are 
entirely reflected along the conducting tube and also are selected. 



[0008] 

(Example of practice) 

This invention is going to be explained in detail referring to the attached figures. 
In figure 1 A and figure IB, the thin, transformable film used in this invention is item 
number 10. It has a structural surface 12 on one side and a smooth surface 14 on side 
opposite from the structural surface, and it consists of a transparent polymer material. As 
shown in figure 2, rays that hit any of surface 12 or 14 within a certain angular range are 
entirely reflected inside by the other surface. Rays are entirely reflected inside when rays 
refracted by the 1 st surface hit the 2 nd surface at a certain angle more than the critical 
angle measured from the perpendicular. This critical angle in gas is defined as an arcsin 
in inverse proportion to the refractive index of the material. As show in figure 3, most of 
the incident light hitting any surface 12 or 14 outside the above angular range is 
transmitted, and the remaining part is reflected. In other words, rays incident on the 
smooth surface 14 with a certain angular range to the normal are transmitted from the 
structural surface 12 with the narrower angle range. Rays incident on the structural 
surface 12 with a narrower angular range to the normal line of the smooth surface 14 are 
transmitted from the smooth surface 14 with a wider angular range. In any condition, 
absorption by the material can be ignored 

[0009] As shown in figure 2 and figure 3, the structural surface 12 consists of tiny 
isosceles prisms 16 with almost a right angle arranged in a straight line. They are 
arranged to form multiple projections 17 and grooves 18 that extend along the length of 
the film 10. If the film is flat, the right angle side 20 makes an angle (a) at 
approximately 45 degree to the smooth surface 14 next to it. In addition, when the film 
10 is bent and the smooth surface 14 becomes a continuous arc, the angle alpha (a) 
changes from 45 degrees as shown in figure 4 and figure 5. Side 20 is curved because of 
compression or tension in the film. It was found that these conditions do not influence 
the performance of the film 10 for many purposes. 

[0010] The specific material used for the film 10 can be changed, and the material is 
normally transformable. However, for specific purposes, a film that is not self supporting 
is meant. Concerning elasticity of the film, it is best if it is defined as a smooth surface 
14 which is bendable into a smooth and continuous arc free of discontinuities such as 
deflection, rips, cuts, etc. However, the material must be transparent, preferably of 
uniform quality and isotropic. Polymer material useful for this invention is sold as acryl 
and polycarbonate with a refractive index such as 1.493 and 1.586. Other useful 
polymers include polypropylene, polyurethane, polystyrene, vinyl chloride, etc. As long 
as the function explained this detailed report is offered, the specific polymer material is 
not important in this invention. Normally, the manufacturer of this product selects the 
best polymer material on the market based on price, purpose, and the manufacturing 
process. However, interest in polycarbonate is especially high since it has a high 
refractive index and excellent physical properties. 

[001 1] There are many methods that produce film according to this invention in large 
amounts continuously. These are conventional knowledge to people in this field. For 
instance, there are U.S. patent No. 3,689,346, No. 4,244,683, No. 4,576,850, and British 
patent No GB2,2 127,344 A. In addition, conventional methods that produce strong sheets 
in mass amounts such as compression molding, welding, and calendar processing are 



included. For this invention, the specific manufacturing method is not essential, and it is 
selected based on economy and feasibility. 

[0012] Performance or adoptability of the film depends on it elasticity, for example, as 
the film 10 is bent into various shapes such as a tube or cylinder. The film thickness is 
important in this invention. The diameter D of the minimum cylinder that can be formed 
from a film which has thickness T measured from the smooth surface 14 to the bottom of 
the grooves 18 is regulated by formula D = T-C. C is a basic number related to the 
coefficient of elasticity of the specific material. The size of the prisms 16 is at least 40 
per 2.5 cm minimum, and when the specific film thickness is T, it can be bent to form a 
smooth surface 14 in a continuous arc while maintaining total internal reflection. It was 
found that an acryl film with fine prisms has approximately 200 basic number C. For 
instance, it has approximately 70 prisms per 2.5 cm. An acryl film with 0.38 cm 
thickness has approximately 7.6 cm minimum diameter. Meanwhile, it has sufficient 
elasticity which can be bent easily into a cylinder with a smooth and continuous surface 
without breaking. In addition, this film has sufficient strength to maintain its shape easily 
when it is bent into a cylinder with approximately 45.7 cm diameter. Since it maintains 
its reflectivity accordingly, the film is designed to be used in various ways. At the same 
time, as shown in U.S. patent No. 4,260,220, the former requirement that an optical 
surface has to be flat is superseded. 

[0013] As shown in figure 1 A, a ray A which is incident on the smooth surface at a 
certain angle Ii to the normal line N to the smooth surface 14 is refracted, and it is totally 
reflected inside the structural surface 12. Ray A and normal line N are both on a plane 
perpendicular to the direction p where the prisms 16 of the structural surface 12 are 
positioned. Ray A is entirely reflected inside, and it comes out as reflected light A' 
which is still inside the same surface. Similar to this, on a surface which is not 
perpendicular to direction p, another ray B is incident to the smooth surface 14 with an 
angle I2. Incident light B is reflected inside, and it comes out as ray B' on another surface 
which is made by the incident light B and direction of prisms p. 
[0014] Various adaptations and examples of use of the film 10 according to this 
invention are explained in the several examples following. For instance, the film 10 can 
be attached to a parabola 30 of hard and strong material which supports the film 10 in 
order to form a concentrating device for solar energy as shown in figure 6. Accordingly, 
solar energy S which is incident on the smooth surface 14 is entirely reflected inside, and 
it is concentrated on the target 32. 

[0015] The most innovative and the brightest feature using this film 10 is that it can be 
formed into a conductive tube 40. Because of this, as shown in figure 7, the smooth 
surface 14 becomes a smooth and continuous arc. In addition, as shown in figure 4 and 
figure 5, the conductive tube 40 can be used to form a structural surface 14 with a 
concave surface inside or convex surface outside. Because of this, as shown in figure 7, 
rays are introduced to the conducting tube 40 by the light source L-S. In accordance with 
size and the position of the light source, a predetermined part of the rays are trapped by 
inner reflection. When the prisms 16 are parallel to the axis of the conductive tube 40, it 
comes out the other end. 

[0016] Performance of the conductive tube 40 can be adjusted by adding diffusing 
particles or combining incomplete parts such as prism that are not optically smooth and 
(or) angles which are not optically sharp or projections. Because of this, the conducive 



tube 40 functions as lighting equipment so that rays will be controlled and leaked. In 
order for controlled rays to be leaked, projections 17 that are normally sharp like a razor 
are dulled as shown in figure 8. The ratio of leakage to reflected rays is approximately 
r/p. r is the abstract radius of the rounded projection 17' of the prism 16'. Also, p is the 
space between grooves. Accordingly, by changing the radius r of projections 17', 
leakage can be adjusted. This adjustment should not be done later using an additional or 
specific dye or requiring tools. It should be done by changing the manufacturing 
parameters. To change the rounding of the projections economically, it was found that 
changing the following parameters is effective. (1) mold temperature, (2) molding 
pressure, (3) line speed, (4) tool temperature, (5) cooling speed, (6) amount of impurities 
in the polymer, etc. If a manufacturing method other than extrusion is used, other 
parameters can be used. 

[0017] So that specialists in this field can practice the technique of this invention, the 
favorable example of practice of this invention has been explained. However, this 
explanation is only an example, and it is not meant to limit the range of this invention. 
The range of this invention is defined only by the sphere of patent request. 

[0018] 

(Effects of this invention) 

The biggest advantage of this invention is, because the film is transformable, is 
that placing right angle isosceles prisms in parallel lines, perpendicular lines, or at a 
certain angle to the axis of the conducting tube, it can be used to form an optical tunnel 
with various sectional shapes. However, when rays are oriented properly to the 
conductive tube, rays are for the first time entirely reflected along the conducting tube 
and also are selected. 

Simple explanation of figures 

Figure 1 A: enlarged cross section of the film according to this invention. 
Figure IB: enlarged cross section of the film according to this invention. 
Figure 2: abstract figure of the end of the film according to this invention. 
Figure 3: end surface of figure 2. 

Figure 4: enlarged figure which is close to figure 2, where the film is bent in a smooth 
and continuous arc. 

Figure 5: enlarged figure similar to figure 3, where the film is bent in a smooth and 
continuous arc. 

Figure 6: Cross section of a parabolic solar energy concentrating trap which uses the film 
of this invention. 

Figure 7: cross section of a conductive tube which uses the film according to this 
invention. 

Figure 8: Abstract end figure of the film according to this invention where the projections 
are rounded so that light will be leaked. 

(Explanation of symbols) 
10: film 

12: structural surface 
14: smooth surface. 



16: prism 

17, 17': projection 

18: groove 

20: right angle side 

40: conductive tube. 
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[FIG. 1 A] 



[FIG. 1 B] 
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